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ABSTRACT
We have performed a search for planetary-mass brown dwarfs in the Chamaeleon I star-forming
region using proper motions and photometry measured from optical and infrared images from the
Spitzer Space Telescope, the Hubble Space Telescope, and ground-based facilities. Through near-
infrared spectroscopy at Gemini Observatory, we have confirmed six of the candidates as new late-
type members of Chamaeleon I (≥M8). One of these objects, Cha J11110675−7636030, has the
faintest extinction-corrected MK among known members, which corresponds to a mass of 3–6 MJup
according to evolutionary models. That object and two other new members have redder mid-IR
colors than young photospheres at ≤M9.5, which may indicate the presence of disks. However, since
those objects may be later than M9.5 and the mid-IR colors of young photospheres are ill-defined at
those types, we cannot determine conclusively whether color excesses from disks are present. If Cha
J11110675−7636030 does have a disk, it would be a contender for the least-massive known brown
dwarf with a disk. Since the new brown dwarfs that we have found extend below our completeness
limit of 6–10 MJup, deeper observations are needed to measure the minimum mass of the initial mass
function in Chamaeleon I.
Subject headings: planetary systems: protoplanetary disks — stars: formation — stars: low-mass,
brown dwarfs — stars: luminosity function, mass function – stars: pre-main se-
quence
1. INTRODUCTION
The distribution of mass in a population of young stars
and brown dwarfs (i.e., the initial mass function; IMF)
is determined by the process of star formation. As a re-
sult, measurements of the IMF can be used to test star
formation theories. For example, these theories predict
minimum masses of the IMF that span a wide range of
values (1–100 MJup, Low & Lynden-Bell 1976; Larson
1992; Whitworth et al. 2007, references therein). Con-
straints on the IMF’s minimum mass have been provided
by surveys for brown dwarfs in the solar neighborhood
(Kirkpatrick et al. 2012), young moving groups (Gagne´
et al. 2015), open clusters (Moraux et al. 2004), and star-
forming regions (Luhman et al. 2009; Pen˜a Ramı´rez et
al. 2012; Lodieu 2013; Alves de Oliveira et al. 2013). The
most thorough and sensitive surveys have had complete-
ness limits of 10–20 MJup and have detected objects with
masses as low as ∼5 MJup, which indicates that the min-
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imum mass of the IMF has not been detected.
To significantly improve constraints on the IMF’s min-
imum mass, we need to be able to detect brown dwarfs
well below 10 MJup in relatively large stellar popula-
tions. This is most easily done in the nearest and richest
star-forming regions. For instance, according to theoret-
ical evolutionary models (Burrows et al. 1997, 2003), a
2 MJup brown dwarf at an age of 1 Gyr can be detected
within only ∼3 pc with the most sensitive wide-field sur-
vey for older (colder) brown dwarfs (Wright et al. 2010),
whereas the same object at 1 Myr can be detected with
ground based telescopes out to the distances of nearby
star-forming regions (150–300 pc). The Chamaeleon I
(Cha I) star-forming region is one of the most promis-
ing sites for measuring the minimum mass of the IMF
because it is rich (N ∼ 240 members), moderately com-
pact (D ∼ 30′), and nearby (160–170 pc, Luhman 2008).
The current census of the cluster contains 42 members
with spectral types later than M6 (<0.1 M, Neuha¨user
& Comero´n 1999; Comero´n et al. 1999, 2000, 2004; Luh-
man 2004, 2007; Luhman et al. 2004, 2006, 2008; Luhman
& Muench 2008; Schmidt et al. 2008), where the faintest
of which should have a mass of 4–10 MJup (Luhman et
al. 2008). Muz˘ic´ et al. (2011, 2015) also obtained spectra
of a large number of candidate brown dwarfs, but none
of them were found to be new members.
To continue searching for the minimum mass of the
IMF in Cha I, we have conducted a deep survey for brown
dwarfs in a wider region than considered in previous stud-
ies. In our presentation of this survey, we begin by com-
piling all known members of Cha I (Section 2). Next, we
measure proper motions of stars projected against Cha I
using multiple epochs of images from the Hubble Space
Telescope (HST) and the Spitzer Space Telescope (Werner
et al. 2004, Section 3) and we construct color-magnitude
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diagrams from optical and near-infrared (IR) images of
the cluster (Section 4). We identify candidate members
based on those proper motions and color-magnitude dia-
grams (Section 5) and we describe near-IR spectroscopy
of the best candidates, which is used to confirm their
youth and cool nature (Section 6). We conclude by de-
riving an updated IMF for the cluster (Section 7) and de-
termining if the new members harbor circumstellar disks
based on mid-IR photometry from Spitzer (Section 8).
2. KNOWN MEMBERS OF CHAMAELEON I
We have compiled a catalog of the previously known
members of Cha I. We began with the census from
Luhman (2008), which contained 237 members. Objects
appeared as individual entries if they were either
resolved in Spitzer images or classified spectroscopically,
which is the approach that we adopt here. Because
its proper motion from both the HST and Spitzer
datasets is consistent with membership (see Section
3.1 & 3.2), we adopt Cha J11100159−7738052 as a
previously known member, which was presented in
Luhman (2007) as a possible field M9 – L1 dwarf. We
also include in our census the M9 companion to CT
Cha (Schmidt et al. 2008) and five new M4 members
from Frasca et al. (2015) and Sacco et al. (2017),
which consists of 2MASS J10575375−77244958, 2MASS
J10563146−7618334, 2MASS J11213079−7633351,
2MASS J11130450−7534369, and 2MASS
J11090915−7553477. Sacco et al. (2017) suggested
that 2MASS J10563146−7618334 is a probable member
of the  Cha association based on its proper motion
in the USNO CCD Astrograph Catalog 4 (UCAC4;
Zacharias et al. 2013). However, we find that its proper
motion based on the first data release of the ESA Gaia
mission (Gaia Collaboration et al. 2016a,b) and the Two
Micron Point Source Catalog (2MASS; Skrutskie et al.
2006) is consistent with membership. We list the 244
previously known members and the six new members
from this study in Table 1.
3. PROPER MOTIONS
3.1. Hubble/ACS
Luhman et al. (2005) obtained images of a 13.′3× 16.′7
area of the southern sub-cluster in Cha I (see Figure 1)
with the Wide Field Camera (WFC) aperture of the Ad-
vanced Camera for Surveys (ACS) on board HST. The
observations were performed on 2004 August 21 and 2005
February 16 with the F775W and F850LP filters. To
measure proper motions for sources detected in those
data, we repeated those observations in the F850LP fil-
ter on 2009 August 20 and 2011 February 13 through
program 11695.
The ACS images were processed and calibrated by the
pipeline at the Space Telescope Science Institute. We
identified all sources that are not saturated and measured
their pixel coordinates using the IRAF routine starfind.
We aligned the world coordinate systems of the images
at the two epochs using sources detected in both sets
of data. We then computed proper motions for sources
appearing in both epochs, which are shown in Figure 2.
Nine previously known members are detected by ACS
8 2MASS J10575375−7724495 was independently confirmed in
this study, but is treated as a previously known member.
and are not saturated. Their motions are well-clustered
around a mean value of (µα, µδ) = (−17.4 ± 1.3,−2.4 ±
1.5) mas/yr. The known members are well-separated
from the vast majority of field stars and galaxies, which
appear near the origin of Figure 2. We classify sources
within a radius of 3.75 mas/yr of the mean motion of the
known members as candidate members.
3.2. Spitzer/IRAC
Portions of Cha I have been imaged at several epochs
with the Infrared Array Camera (IRAC; Fazio et al.
2004) on Spitzer. Those observations occurred during
both the cryogenic and post-cryogenic phases of the mis-
sion. The cryogenic phase began at launch in August
2003 and continued until May 2009 when the liquid he-
lium was depleted. During that time, IRAC operated
with four 256 × 256 arrays that collected images in
broad-band filters at 3.6, 4.5, 5.8, and 8.0 µm, which
are denoted as [3.6], [4.5], [5.8], and [8.0]. For each ar-
ray, the plate scale was 1.′′2 pixel−1 and the field of view
was 5.′2 × 5.′2. Point sources within the images have
a FWHM of 1.′′6–1.′′9 for [3.6]–[8.0]. After the deple-
tion of the cryogen, IRAC continued to operate with the
[3.6] and [4.5] bands in the post-cryogenic phase. Esplin
& Luhman (2016) demonstrated that astrometric preci-
sions of ∼0.′′02 and 0.′′07 are possible for sources in [3.6]
and [4.5] images with high and low signal-to-noise ra-
tios (S/N), respectively (see also Dupuy & Kraus 2013;
Lowrance et al. 2014), by measuring source positions
with the point-response-function fitting routine in the
Astronomical Point source EXtractor (APEX; Makovoz
& Marleau 2005) and applying a new distortion correc-
tion. We have applied these procedures to the multi-
epoch IRAC observations of Cha I.
We retrieved from the Spitzer archive all [3.6] and [4.5]
images for areas in which at least two epochs of data
were available that spanned several years. Due to their
lower sensitivity and resolution, we excluded the [5.8] and
[8.0] data. Astronomical Observing Request IDs (AORs),
Program IDs (PIDs), and principle investigators for the
data are listed in Table 2. In Figure 3, we show the
spatial coverage of the six epochs with large mosaics.
Epochs 2004.3 and 2005.6 are not plotted because they
cover only small fields.
Luhman et al. (2008) and Luhman & Muench (2008)
described the observations of the epochs from the start
of the mission through 2007.4. The observations from
epoch 2013.6 covered a ∼2 deg2 field constructed from
nine mosaics. Each individual mosaic consists of a grid of
18 × 18 frames with a step size of 100.′′0 between frames.
For each IRAC frame, we measured positions, fluxes
(Fν), and S/N’s for all detected sources with APEX us-
ing the default parameters except for a 5×5 pixel fitting
region, as done in Esplin & Luhman (2016). We then
corrected those positions for distortion with the correc-
tions from the R package “IRACpm” (R Core Team 2013;
Esplin & Luhman 2016). To compensate for the time-
dependence of the [3.6] and [4.5] plate scale, we interpo-
lated between the measured values presented in Esplin
& Luhman (2016). Because their astrometry was un-
reliable, sources with Fν/(exposure time) > 0.728 and
>0.8216 Jy/s were rejected as saturated for [3.6] and
[4.5], respectively.
Because each source appeared at several different po-
Survey for Brown Dwarfs in Chamaeleon I 3
sitions in an array in the data from 2013.6, we used self-
calibration to estimate relative offsets and orientations
between frames for that epoch. We derived the initial co-
ordinates and orientations for each frame using astrom-
etry from the 2MASS Point Source Catalog. We then
refined these values by iterating the following four steps:
(1) For each source with a median S/N> 20 from among
the various frames, we calculated the mean position us-
ing the current measured values for the frame coordi-
nates and orientations. (We refer to the sources’s mean
position as the “true” position, and the individual de-
tections as the source’s “measured” positions.) (2) With
that new astrometric catalog, we solved for new frame
coordinates and orientations using a least-squares algo-
rithm. (3) We calculated the root mean square (RMS)
of the residual distances between all measured and true
positions. (4) Detections with residual distances > 6 ×
RMS were removed as outliers. We found that three it-
erations of these steps were sufficient for the measured
frame coordinates and orientations to converge on a sta-
ble solution. Those methods were not applied to the
data earlier than than 2013.6 because the detections of
a given source were confined to a small area of an ar-
ray, making the data less suited for self-calibration. For
these epochs, we derived the frame coordinates and ori-
entations by matching sources with median S/N> 20 to a
subset of the final astrometric catalog from epoch 2013.6.
This subset consisted of sources with errors in position
≤ 0.′′1 and flux measurements ≥ 200 µJy in either band.
We then iterated the second through fourth steps of the
self-calibration method four times with a stricter outlier
rejection (S/N > 2× RMS).
For each epoch, we measured astrometry for all sources
with median S/N ≥ 3 by calculating the mean and me-
dian position for sources with 3 and >3 total detections,
respectively. We adopted the median absolute deviation
(MAD) of the measured positions as an estimate for po-
sitional error. For sources with >3 total detections, we
also calculated median positions and errors for the [3.6]
and [4.5] bands individually. If MAD[3.6]or[4.5] × 2 <
MADtotal in either right ascension or declination, then
we adopted that band’s position and error in the final
catalog. Sources with <3 total detections were omitted.
To measure relative proper motions (µ) with the cata-
logs of all of the epochs, we fit each source’s astrometry
as a function of time with a line. In Figure 4, we plot the
errors for µδ as a function of [3.6] S/N for all sources. We
estimated 25%, 50%, and 75% quantiles for these data by
applying local linear quantile regression with the func-
tion lprq in the R package quantreg (Koenker 2016).
Below ∼100 S/N, the median error increases smoothly
with decreasing S/N and above this limit it is flat at 3
mas/yr. However, there is a significant increase in the
number of sources with high error for the highest S/N.
These star are below the saturation limit and do not have
anomalous point spread functions (PSFs). It appears
that APEX, for an unknown reason, produces erroneous
positions for some bright stars. To minimize the number
of contaminants while maximizing the number of known
Cha I members in our proper motion catalog, we only use
proper motions with errors in µδ ≤10 mas/yr. We also
omit proper motions for sources with S/N ≤ 4 for [3.6]
so that at least 25% of sources above a given S/N have
motion errors below 10 mas/yr. For these same reasons,
we also omitted proper motion data with errors in µα >
8 mas/yr and S/N> 6 for [4.5].
We inspected the IRAC images of the known members
of Cha I that exhibited discrepant motions compared
to the bulk of the population, which included 2MASS
J11064658−7722325, CHXR 15, CHXR 78C, ISO 282,
ISO 86, ISO 143, and 2MASS J11094525−7740332. We
found that the PSF of 2MASS J11064658−7722325 was
extended so we do not report a proper motion for it. No
anomalies were found in the PSFs of the other six mem-
bers. For all of those objects except ISO 86, proper mo-
tions are available from the PPMXL catalog (Roeser et
al. 2010), all of which are consistent with membership.
In addition, each of the six stars shows clear evidence
of youth. Therefore, we retain them as members. Given
that these objects are among the brighter members, their
discrepant motions may be due to same anomaly men-
tioned earlier that produces large errors for some stars
at high S/N.
Among the 244 previously known members, 100 have
motions below our adopted limits on proper motion er-
ror and S/N, 55 are outside of the region of overlapping
IRAC epochs, 38 have errors above our limits, 43 are
saturated, seven are unresolved from bright companions,
and one (Cha–MMS1) was not detected in IRAC. We
include the proper motions for those 100 members with
good measurements in Table 1. Those data have a me-
dian value of (µα, µδ) = (−13.0,−1.7) mas/yr. The mo-
tions for these members and other sources that satisfy
our motion error and S/N criteria are plotted in Figure
5. The majority of the known members are clustered
within a radius of 7 mas/yr of the median value. There-
fore, among the stars whose membership has not been
previously determined, we classify those within that ra-
dius as candidate members.
4. PHOTOMETRY
4.1. Previous Data
Because the field star contamination is high among
the sources with IRAC proper motions consistent with
membership (see Figure 5), we used color-magnitude di-
agrams constructed from previous and new photome-
try to identify the most promising candidates. These
data are also used to identify candidates among sources
that lack proper motion measurements with IRAC. We
began by compiling photometry from previous surveys
for low-mass members of Cha I and publicly available
catalogs, which consist of F775W and F850LP from
ACS/HST (see Section 3.1; Luhman et al. 2005); F791W
and F850LP from the Wide Field Planetary Camera
2 (WFPC2) on HST (Todorov et al. 2014); I from
the Inamori Magellan Areal Camera and Spectrograph
(IMACS) on the Magellan I telescope at Las Cam-
panas Observatory (Luhman 2007); Y , J , H, and Ks
from the Infrared Side Port Imager (ISPI) at the Cerro
Tololo Inter-American Observatory (CTIO; Luhman et
al. 2005); J , H, and Ks from the 2MASS point source
catalog; and i from the Third Release of the Deep Near-
Infrared Survey of the Southern Sky (DENIS; Epchtein
et al. 1999). In Figure 1, we plot the spatial coverage of
the ACS, IMACS, and ISPI images.
4.2. ISPI
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We obtained images of additional fields of Cha I with
ISPI on the nights of 2008 January 20-23. This instru-
ment provided a plate scale of 0.3 pixel−1 and a field of
view (FOV) of 10.′25× 10.′25. These observations con-
sisted of 16 × 60 s exposures in each of three filters (J ,
H, Ks) and in each of four adjacent fields. The total
area observed corresponds to the middle ISPI field in
Figure 1. The data were reduced in the same manner
as the previous ISPI observations (Luhman et al. 2005;
Luhman 2007). The typical FWHM for point sources
in these images was 0.′′95. These new observations have
similar completeness limits as the previous ISPI data,
which were J = 18.5, H = 18.25, and Ks = 17.75.
4.3. DECam
We performed optical imaging of Cha I with the Dark
Energy Camera (DECam) at the 4 m Blanco telescope
at CTIO. The instrument contains 62 CCDs with di-
mensions of 2048 × 4096 pixels and plate scales of 0.′′27
pixel−1. The FOV of the entire mosaic has a diame-
ter of ∼2◦. In an initial set of shallow observations on
2013 May 30, we obtained three dithered images in each
i, z, and Y with individual exposures times of 200, 30,
and 30 s, respectively. We collected deeper data on 2015
March 5 in which the numbers of images and exposure
times were 49 × 150 s (i), 79 × 100 s (z), and 46 × 200 s
(Y ). To extend the dynamic range to brighter magni-
tudes, we also obtained 7 × 0.7 s images for each filter
during that night. The spatial coverage the DECam im-
ages is shown in Figure 1.
The images were reduced by the DECam pipeline. The
typical FWHM for point sources in these images was
0.′′8. We identified all sources in the reduced images and
measured their pixel coordinates with starfind. We mea-
sured aperture photometry for those sources with the
task phot in IRAF using a radius of 3.5 pixels and inner
and outer radii of 3.5 and 6.5, respectively, for the back-
ground annulus. The photometry was calibrated with
our previous I and Y data in Cha I from IMACS and
ISPI, respectively. We calibrated the z-band data such
that a linear fit to the sequence of the bluest sources
(i.e., i − [4.5] < 2.5) in the color-color diagram i − [4.5]
vs. z− [4.5] intersects the origin. We estimated the com-
pleteness limits of these data based on the magnitudes
at which the logarithm of the number of sources as a
function of magnitudes departs from a linear slope and
begins to turn over, which were 22.0, 20.8, and 19.3 for
i, z, and Y , respectively.
4.4. HAWK-I
Two publicly available Ks-band imaging programs of
Cha I have been performed by the High Acuity Wide-
field K-band Imager (HAWK-I) on the Unit Telescope 4
of the Very Large Telescope (VLT). This camera contains
four 2048× 2048 HAWAII-2RG arrays which have a plate
scale of 0.′′106 pixel−1 and a FOV of 7.′5 × 7.′5 (Kissler-
Patig et al. 2008). On the nights of 2008 January 24,
27–29, and 31, four fields were imaged through program
60.A-9284(L), which are indicated as solid red lines in
Figure 1. In each field, 25 dithered images were taken
each consisting of 15 co-added 2.0 s exposures. Four
additional fields were imaged on the nights of 2010 May
12 and 2010 July 5–6 through program 385.C-0384(A).
Those fields are marked by red dashed lines in Figure
1. For each field, 200 images were taken with exposure
times of 3 s.
We reduced the individual exposures from HAWK-I by
subtracting a dark frame and dividing by a flat field im-
age using tasks within IRAF. The resulting images were
then registered and combined into mosaics. For most of
these images, the typical FWHM for point sources was
0.′′8 except for the nights of 2010 July 5–6, when it was
1.′′5. For the latter data, we measured aperture photom-
etry with a radius of 12 pixels and inner and outer radii
of 12 and 16, respectively, for the background annulus.
We used values of 6, 6, and 10 for those parameters for
the remaining data. We measured the WCS for each
mosaic using astrometry from 2MASS and our previous
images. The data were flux calibrated with photome-
try from 2MASS. The completeness limits of these data
range from Ks = 17.5 to 19.3, the former corresponding
to the data with poor seeing.
5. CANDIDATE SELECTION
To identify candidate members of Cha I with the
proper motions and photometry described in the pre-
vious two sections, we began by merging the catalogs of
sources from IRAC, ISPI, ACS, 2MASS, DENIS, DE-
Cam, HAWK-I, and WFCP2. For each star, when data
were available from multiple camera for a given filter, we
adopted the measurement with the smallest error. We
treated the i/I filters from DENIS, IMACS, and DE-
Cam as a single filter since those data agreed well with
each other. Only data with errors ≤ 0.1 mag were used
in our analysis.
We have used color-magnitude diagrams (CMDs) con-
structed from our merged catalog to select stars that
have photometry consistent with membership in Cha I.
In these diagrams, we use Ks as the magnitude because
extinction is low in this band and our Ks data offer good
coverage and depth. We employ i − Ks, z − Ks, and
Y −Ks because they are sensitive to spectral type. We
can minimize the contamination from reddened back-
ground stars by estimating and correcting for the ex-
tinctions of individual stars in these diagrams (Luhman
et al. 2003). We have estimated the extinction for each
star by dereddening its positions in H versus J − H to
the typical locus of young stars at the distance of Cha I,
which can be approximated by J−H = 0.68 for H < 14.5
and J − H = 0.128 × H − 1.176 for H ≥ 14.5. When
doing this, we adopt the extinction law from Cardelli et
al. (1989). The resulting extinction-corrected CMDs are
shown in Figure 6. To include stars that lack J or H, we
also plot two CMDs that were constructed from optical
data alone, z versus i − z and Y versus z − Y . In each
diagram we marked a boundary that follows the lower
envelope of the sequence of members. A given source
is classified as a photometric candidate if it is above a
boundary in at least one diagram and is not below a
boundary in any diagram. We also applied the CMDs
from Luhman (2007) and Todorov et al. (2014) to our
catalog in the same way.
We selected for spectroscopy objects that were can-
didates based on either proper motions (Section 3) or
CMDs and were not rejected by either method. We
gave higher priority to candidates with faint photom-
etry that was indicative of lower masses and that satis-
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fied both our proper motion criteria and multiple CMDs.
We also focused on candidates in the ISPI images be-
cause we wished to measure an IMF with a well-defined
completeness in those fields (see Section 7.2). In ad-
dition, we observed one brighter candidate, 2MASS
J10575375−7724495, that exhibits X-ray emission in-
dicative of membership (Ingleby et al. 2011). The result-
ing sample contained 11 candidates members of Cha I.
6. SPECTROSCOPY OF CANDIDATE MEMBERS
6.1. Observations
We performed optical spectroscopy on two tar-
gets, 2MASS J10575375−7724495 and 2MASS
J11093277−7638376, with the Goodman High Through-
put Spectrograph at the Southern Astrophysical
Research Telescope on 2014 May 7 and 2014 June 16,
respectively. The instrument was operated with the
400 l mm−1 grating in second order, the GG445 filter,
and the 0.′′84 slit, which produced a wavelength coverage
of 5400–9400 A˚ with resolution of R=1100. Spectra of
six candidates were obtained with FLAMINGOS-2 on
the Gemini South Telescope (Eikenberry et al. 2004)
on January 23 and February 2, 3 and 5 in 2015. For
the brightest target, 2MASS J11124771−7737547, the
instrument was configured with the JH grism and filter
and the 1.′′08 slit (0.70–2.04 µm, R = 300). For the other
five FLAMINGOS-2 targets, Cha J11110675−7636030,
Cha J11064106−7745040, Cha J11105004−7721535,
Cha J11105772−7714570, and Cha J11104183−7633064,
were observed with the HK grism and filter and the
0.′′72 slit (1.10–2.65 µm, R = 450). We observed 2MASS
J10543141−7710130, 2MASS J10532815−7710268, and
2MASS J11065677−7725478 with ARCoIRIS on the 4
m Blanco telescope at CTIO on the nights of 2016 June
17 and 18 (0.8–2.47 µm, R=3500).
For the Goodman and FLAMINGOS-2 spectra, we
used routines in IRAF to apply the flat field correction,
extraction of spectra, and wavelength calibration. The
FLAMINGOS-2 spectra were corrected for telluric ab-
sorption using a spectrum of an A-type star that was
observed at a similar airmass. Because the resulting
FLAMINGOS-2 spectra had low S/N, we binned the
spectra by a factor of 5 and 15 for data obtained with
the JH and HK grisms, respectively. The ARCoIRIS
data was reduced with a version of the Spextool package
(Cushing et al. 2004) that was modified for use with AR-
CoIRIS. The data were corrected for telluric absorption
in the manner described by Vacca et al. (2003). In Fig-
ure 7, we show the dereddened spectra of the candidates
that we classify as new members in the next section.
6.2. Spectral Classification
We have used our spectra to measure the spectral
types of our candidates and to determine whether they
show evidence of youth that would indicate membership
in Cha I. Based on the magnitude of the candidates,
they should have spectral types &M0 if they are mem-
bers. At those types, we distinguished between young
objects and field dwarfs with gravity-sensitive features
such as Na I, K I, and the shape of the H-band contin-
uum (Mart`ın et al. 1996; Luhman et al. 1997; Lucas et
al. 2001). Among the candidates observed with Good-
man and ARCoIRIS, only 2MASS J10575375−7724495
showed evidence of youth. The other four candidates
were background early-type stars or giants. All six ob-
jects observed with FLAMINGOS-2 were found to be
young, late-type members of Cha I. The optical spectrum
of 2MASS J10575375−7724495 was classified via compar-
ison to averages of dwarf and giant standards (Luhman
et al. 1997, 1998; Luhman 1999). Most optical spectral
types of late-type members of nearby star-forming re-
gions have been measured with that method. We arrived
at a spectral type of M4 for 2MASS J10575375−7724495,
which agrees with the previous classification from Frasca
et al. (2015). For the new members with near-IR spectra,
we measured spectral types using the standard spectra
for young M and L dwarfs from Luhman et al. (2017).
The M-type standards were constructed from near-IR
data for members of star-forming regions and young as-
sociations (.10 Myr) that have been classified at optical
wavelengths. Thus, the near-IR standards from Luhman
et al. (2017) produce spectral types that are on the same
system that has been applied to most known late-type
members of star-forming regions. The classifications for
our new members are presented in Table 3. The un-
certainties are ±0.5 subclass unless indicated otherwise.
Because of degeneracies between spectral type and red-
dening at late M and L types for young objects (Luhman
et al. 2017), some of the spectral types have large uncer-
tainties.
In the compilation of the known members of Cha I in
Table 1, we list adopted spectral types based on previous
classifications. For the previously known members ear-
lier than M9, we have adopted the same spectral types
as Luhman (2008). We have adopted our classifications
of the new members, using L0 for the ones with large
errors (e.g., M9–L2). We have reclassified the spectra
of members with types later than M9 (Luhman et al.
2006; Luhman 2007) using the standards from Luhman
et al. (2017), arriving at the following revised classifi-
cations: 2MASS J11080609−7739406 (M9.5±0.5), Cha
J11072647−7742408 (M9–L2), Cha J11083040−7731387
(M9.5±0.5), Cha J11100159−7738052 (M9–L3), and
CHXR 73B (M9.5–L4). As with the new members, we
adopt L0 for those classifications that have large errors.
One of those sources, Cha J11083040−7731387, was clas-
sified by Muz˘ic´ et al. (2015) as L3 based on a low S/N
1.5–2.5 µm spectrum. However, the near-IR spectrum
from Luhman (2007) is bluer than expected for a young
early L dwarf, as shown in Figure 8.
7. INITIAL MASS FUNCTION
7.1. Completeness
The previous census of members of Cha I from Luh-
man (2007) had well-defined completeness limits within
two fields, which consisted of a 1.◦5 × 0.◦35 strip along
the center of the molecular cloud and the 0.◦22 × 0.◦28
area imaged by ACS field. The limits were H < 14.5
for AJ < 1.2 and H < 17 for AJ < 1.4 in those fields,
respectively, which correspond to masses of ∼30 MJup
and ∼10 MJup according to evolutionary models. Luh-
man (2007) constructed IMFs from the known members
within those fields and extinction limits, which contained
85 and 34 members. To improve the constraints on the
minimum mass of the IMF in Cha I, we need to obtain a
census of members that is complete to faint magnitudes
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for a field that encompasses a large number of members.
Given these constraints, we have searched for new mem-
bers primarily in the ISPI fields (0.3 deg2; see Figure 1),
as mentioned in Section 5.
We can characterize the completeness of our new cen-
sus of members in Cha I for the ISPI fields using a color-
magnitude diagram. In Figure 9, we show Ks vs. H−Ks
for the known members in the ISPI images. We also in-
clude additional sources that are not rejected as field
stars based on color-magnitude diagrams or proper mo-
tions (Section 5). For extinctions of AJ < 1.5, there
are no remaining sources with undetermined membership
in these fields down to an extinction-corrected magni-
tude of Ks=15.7. Using a Ks-band bolometric correction
for young late-M/early-L dwarfs (Filippazzo et al. 2015),
this limit corresponds to a mass of 6–10 MJup for ages of
1–3 Myr according to evolutionary models (Burrows et
al. 1997; Chabrier et al. 2000; Baraffe et al. 2015).
The new member Cha J11064106−7745040 is within
the boundaries of the ACS field from Luhman (2007) and
is within the completeness limits in AJ and Ks that were
reported for that field. However, it fell in the gap between
the ACS detectors, which is why it was not found in that
survey. Muz˘ic´ et al. (2015) concluded that their survey
for members Cha I was complete down to a spectral type
of L3. However, we have found two new members within
their survey field, both of which are earlier than that
limit.
7.2. Distributions of Spectral Type and MK for an
Extinction-limited Sample
We have attempted to construct a large sample of
members of Cha I that extends to low masses and is
representative and unbiased in terms of mass by consid-
ering the known members within the ISPI fields that have
AJ < 1.5. For most of the members, we have adopted
the extinction estimates from Luhman (2007), Luhman
et al. (2008), and Luhman & Muench (2008). Extinctions
for members identified since those studies are measured
from our near-IR spectra or near-IR colors assuming the
intrinsic photospheric values for pre-main sequence stars
(Luhman et al. 2010). Our adopted extinctions are in-
cluded in Table 1. The ISPI fields contain 102 members
with AJ < 1.5, which corresponds to 42% of the known
members. That sample includes five of the six new mem-
bers that we have found. The remaining new member is
outside of the area imaged by ISPI.
To avoid the uncertainties of mass estimates of young
stars that arise from the adopted bolometric corrections,
temperature scales, and evolutionary models, we char-
acterize the IMF for the extinction-limited sample in
the ISPI fields using observational proxies for stellar
mass, namely MK and spectral type. In Figure 10, we
show the distributions of spectral types and extinction-
corrected MK for that sample. Four stars in the sam-
ple, 2MASS J11072022−7738111, T33B, T39B, and ESO
Hα 281, are absent from the MK distribution because
their Ks photometry is contaminated by an unresolved
visual companion. 2MASS J11095493−7635101 and Cha
J11081938−7731522 are also excluded from the MK dis-
tribution because they are probably seen in scattered
light (Luhman 2007; Luhman et al. 2008).
The distributions of spectral types and MK in our
extinction-limited sample in the ISPI fields are similar to
those in the Cha I fields considered by Luhman (2007)
and in other star-forming clusters (Luhman et al. 2016),
exhibiting peaks near M5 and MK = 5, respectively. Be-
low the peak inMK , the distribution in our new sample is
roughly flat down to the completeness limit of MK = 9.7
and extends to MK = 10.7 (Cha J11110675−7636030),
which correspond to masses of 6–10 and 3–6 MJup, re-
spectively, based on evolutionary models for ages of 1–
3 Myr (Burrows et al. 1997; Chabrier et al. 2000; Baraffe
et al. 2015). Thus, the minimum mass of the IMF has
not been detected in these data, and the constraint on
that mass is .3–6 MJup.
8. NEW MEMBERS WITH CIRCUMSTELLAR DISKS
Luhman & Muench (2008) and Luhman et al. (2008)
measured photometry from mid-IR images from Spitzer
for the compilation of known members from Luhman
(2008) and used those data to identify the presence of
circumstellar disks. We have performed the same exer-
cise for the members found since Luhman (2008) using
data from both Spitzer and the Wide-field Infrared Sur-
vey Explorer (WISE; Wright et al. 2010). Those mea-
surements are compiled in Table 4. Because CT Cha B
is not resolved by Spitzer or WISE, we do not include it in
the table. We measured the Spitzer data from IRAC im-
ages in its four bands from 3.6–8.0 µm and from 24 µm
images (denoted as [24]) with the Multiband Imaging
Photometer for Spitzer (Rieke et al. 2004) in the same
manner as Luhman et al. (2008) and Luhman & Muench
(2008). The WISE photometry was taken from the All-
WISE Source Catalog. Those data were measured in
bands at 3.5, 4.5, 12, and 22 µm, which are denoted as
W1, W2, W3, and W4, respectively.
According to the parameter cc flag from the AllWISE
Source Catalog, several of the WISE detections in Table
4 may be contaminated by diffraction spikes or scattered
light halos from nearby bright sources. However, none
of those detections (which are in W1 and W2) show any
such contamination based on visual inspection of the im-
ages. All of the WISE sources are consistent with a point
source based on the ext flg parameter with the exception
of Cha J11105772−7714570, which is blended with an-
other object. Resolved IRAC photometry is available for
it. Although the W1 and W2 bands are roughly similar
to [3.6] and [4.5] from IRAC, respectively, photometry in
those bands can differ noticeably for cool dwarfs (Filip-
pazzo et al. 2015), as illustrated by the fact that the W1
magnitudes for the late-M/early-L objects in Table 4 are
systematically larger than the [3.6] data.
To determine whether the members of Cha I in Table
4 have color excesses from disks in the Spitzer and WISE
photometry, we begin by plotting diagrams of K −W3,
K −W4, and K − [24] versus spectral type in Figure 11
for a range of spectral types centered on M4, which is the
type of all stars in Table 4 with such data. In the diagram
with Ks−[24], we have included a line that represents the
typical colors of young stellar photospheres from Luhman
et al. (2010). Because the W4 and [24] bands are simi-
lar, we show that same line with the data in Ks −W4.
For Ks −W3, we mark the photospheric sequence with
a fit to the colors of diskless members of Taurus (Luh-
man et al. 2010; Esplin et al. 2014). Each of the dia-
grams with K−W3 and K− [24] contains a well-defined
blue sequence that closely follows the lines representing
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typical photospheric colors. Most M-type members that
lack disks were not detected in W4, so a photospheric se-
quence among Cha I members is absent from the diagram
of Ks −W4. 2MASS J11130450−7534369 and 2MASS
J11090915−7553477 exhibit significant color excesses in
Ks −W3 and Ks −W4 relative to photospheric values.
The remaining three M4 members from Table 4 do not
have excesses.
To identify excess emission among the coolest new
members of Cha I, we plot [3.6] − [5.8] and [3.6] − [8.0]
as a function of spectral type in Figure 12. We have
included lines that represent the typical colors of young
photospheres for spectral types of ≤M9.5 (Luhman et
al. 2010), which coincide with the sequence of bluest
sources in Cha I. Among the six members from Ta-
ble 4 that have IRAC data, Cha J11110675−7636030
(M9–L2), Cha J11105004−7721535 (M9–L2), and Cha
J11104183−7633064 (M9–L3) have values of [3.6]− [8.0]
that are significantly redder than the photospheric se-
quence at ≤M9.5. The same is true for the first two
objects in [3.6]− [5.8]. Those red colors may indicate the
presence of disks. However, those three objects could
be as late as L2 or L3 given the uncertainties in our
classifications, and the photospheric values of the IRAC
colors are poorly defined at those types, so we can-
not determine definitively whether they have color ex-
cesses from disks. In other words, it is possible that
[3.6] − [5.8] and [3.6] − [8.0] for young photospheres be-
come much redder at types later than M9.5, in which
case the observed colors for Cha J11110675−7636030,
Cha J11105004−7721535, and Cha J11104183−7633064
could be entirely photospheric. We note that these three
objects are not detected in the WISE and Spitzer bands
longward of 10 µm. For instance, the detection limit of
the MIPS data is roughly [24] ∼ 10, which corresponds
to limits of Ks−[24] <∼ 6–7 for those objects. Thus, the
non-detections at longer wavelengths do not place useful
constraints on the presence of disks.
For all of the objects that exhibit excess emission in
Figures 11 and 12, the sizes of the excesses are similar to
those of members of Cha I (Luhman et al. 2008; Luhman
2008) and Taurus (Esplin et al. 2014) that have class II
spectral energy distributions (star+disk, Lada & Wilking
1984; Lada 1987).
Through our analysis of the mid-IR photometry in Ta-
ble 4, we have found that three of our new members may
have excess emission that indicates the presence of disks.
If excesses are present, they would provide additional ev-
idence of the youth and membership of those objects.
Two of these members, Cha J11105004−7721535 and
Cha J11110675−7636030, would be the faintest known
members in extinction-corrected MK that show evidence
of disks (Luhman et al. 2008; Luhman & Muench 2008).
In addition, the latter could be the faintest known
brown dwarf in nearby star-forming regions with a de-
tection of a disk (Luhman & Mamajek 2012; Esplin et
al. 2014; Luhman et al. 2016). Thus, it may be the least-
massive known brown dwarf with a circumstellar disk
(3–6 MJup). However, additional data (e.g., photometry
at longer wavelengths) are needed to determine conclu-
sively whether these objects harbor disks.
9. CONCLUSION
We have conducted a survey for planetary-mass brown
dwarfs in the Cha I star-forming region using proper mo-
tions and photometry measured from optical and near-
IR imaging with HST, Spitzer, and ground-based tele-
scopes. Through spectroscopy of the resulting candidate
members, we have discovered six new late-type mem-
bers, which include three of the five faintest known mem-
bers in extinction-corrected MK . One of these objects,
Cha J11110675−7636030, is the faintest known member,
which has a mass of 3–6 MJup according to evolution-
ary models. Three of the new members have red mid-
IR colors that may indicate the presence of disks, but
these detections of disks are not definitive given the un-
certainties in the spectral types of the objects and the
uncertainties in the photospheric colors of young brown
dwarfs later than L0. If its red color is due to a disk,
Cha J11110675−7636030 would be a contender for the
least-massive known brown dwarf with a disk. Given
that we have found objects below the completeness limit
for our survey (6–10 MJup), deeper imaging is required
to measure the minimum mass of the IMF in Cha I.
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TABLE 1
Members of Chamaeleon I
Column Label Description
Name Source namea
OtherNames Other source name
SpType Adopted spectral type
r SpType Spectral type referenceb
pmRA IRAC relative proper motion in right ascension
e pmRA Error in pmRA
pmDec IRAC relative proper motion in declination
e pmDec Error in pmDec
flag Flag on IRAC relative proper motionsc
Aj Extinction in J
r Aj Extinction in J referenced
Jmag J magnitude
e Jmag Error in Jmag
Hmag H magnitude
e Hmag Error in Hmag
Ksmag Ks magnitude
e Ksmag Error in Ksmag
JHKref JHK referencee
Note. — This table is available in its entirety in a machine-readable
form in the online journal.
a Coordinate-based identifications from the 2MASS Point Source Cat-
alog when available. Otherwise, identifications are based on the coordi-
nates measured in this work or Luhman (2008).
b 1 = Luhman (2008), references therein; 2 = Frasca et al. (2015); 3
= this work; 4 = revised classification of spectrum from Luhman et al.
(2006); 5 = revised classification of spectrum from Luhman (2007).
c nodet = non-detection; sat = saturated; out = outside of overlapping
multi-epoch IRAC images; unres = too close to a brighter star to be
detected; err = motion error above our adopted thresholds.
d 1 = Luhman (2007); 2 = Luhman & Muench (2008); 3 = Luhman
et al. (2008); sp = derived from spectrum with spectral templates from
Luhman et al. (2017); J-H = derived from the J − H color assuming
photospheric near-infrared colors (Luhman et al. 2010).
e 2 = 2MASS Point Source Catalog; l = Luhman et al. (2005); i = ISPI
data from this work; h = HAWK-I data from this work; c = Carpenter
et al. (2002).
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TABLE 2
IRAC Observations of Chamaeleon
I
AOR PID P. I. Epoch
3651328 6 G. Fazio 2004.5
3955968 36 G. Fazio 2004.7
3960320 37 G. Fazio 2004.5
5105920 139 N. Evans 2004.5
5662720 173 N. Evans 2004.3
5662976 173 N. Evans 2004.5
6526208 36 G. Fazio 2004.1
12620032 36 G. Fazio 2005.6
12620544 36 G. Fazio 2005.6
18366720 30540 J. Houck 2006.5
18366976 30540 J. Houck 2006.5
18367232 30540 J. Houck 2006.5
18367744 30540 J. Houck 2006.5
18368000 30540 J. Houck 2006.5
18368256 30540 J. Houck 2006.5
18368512 30540 J. Houck 2006.5
18368768 30540 J. Houck 2006.5
18369024 30540 J. Houck 2006.5
18369280 30540 J. Houck 2006.5
18369536 30540 J. Houck 2006.5
18369792 30540 J. Houck 2006.5
18370048 30540 J. Houck 2006.5
18370304 30540 J. Houck 2006.5
18374400 30540 J. Houck 2006.5
19986432 30574 L. Allen 2007.4
19992832 30574 L. Allen 2007.4
20006400 30574 L. Allen 2007.4
20012800 30574 L. Allen 2007.4
20014592 30574 L. Allen 2007.4
20015104 30574 L. Allen 2007.4
47089152 90071 A. Kraus 2013.6
47089664 90071 A. Kraus 2013.6
47090176 90071 A. Kraus 2013.6
47090688 90071 A. Kraus 2013.6
47091200 90071 A. Kraus 2013.6
47091712 90071 A. Kraus 2013.6
47092224 90071 A. Kraus 2013.6
47092736 90071 A. Kraus 2013.6
47093248 90071 A. Kraus 2013.6
TABLE 3
New Members of Chamaeleon I
Source Namea Spectral Spectrograph
Type
Cha J11064106−7745040 M9–L2 FLAMINGOS-2
Cha J11104183−7633064 M9–L3 FLAMINGOS-2
Cha J11105004−7721535 M9–L2 FLAMINGOS-2
Cha J11105772−7714570 M9.5 FLAMINGOS-2
Cha J11110675−7636030 M9–L2 FLAMINGOS-2
2MASS J11124771−7737547 M8 FLAMINGOS-2
a Coordinate-based identifications from the 2MASS Point
Source Catalog when available. Otherwise, identifications are
based on the coordinates measured in this work.
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2
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TABLE 4
Mid-IR Photometry for Members of Chamaeleon I Found Since Luhman (2008)
Source Name W1 W2 W3 W4 [3.6] [4.5] [5.8] [8.0] [24] Excess?
(mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
2MASS J10563146−7618334 10.07± 0.02 9.86± 0.02 9.73± 0.03 9.73± 0.03a out out out out out N
2MASS J10575375−7724495 10.28± 0.12 10.19± 0.02 9.77± 0.04 8.54± 0.25a 10.23± 0.02 10.18± 0.02 out out 9.00± 0.11 N
Cha J11064106−7745040 15.31± 0.03 14.85± 0.05 >12.4 >9.4 14.86± 0.02 14.71± 0.02 14.58± 0.02 14.46± 0.03 · · · N
2MASS J11090915−7553477 10.29± 0.02 10.05± 0.02 8.66± 0.02 7.33± 0.08 out out out out out Y
Cha J11100159−7738052b 16.57± 0.08 16.25± 0.18 >13.2 9.06± 0.33a 15.88± 0.02 15.67± 0.02 15.79± 0.13 · · · · · · N
Cha J11104183−7633064 15.15± 0.03 14.59± 0.05 >12.7 >8.9 14.72± 0.02 14.38± 0.02 14.36± 0.04 13.62± 0.02 · · · Y?
Cha J11105004−7721535 15.66± 0.11 15.09± 0.05 >12.8 >9.4 15.17± 0.02 14.81± 0.02 14.40± 0.05 14.06± 0.13 · · · Y?
Cha J11105772−7714570 15.18± 0.40c 14.75± 0.04c >12.5 >9.3 15.14± 0.02 14.92± 0.02 14.93± 0.13 · · · · · · N
Cha J11110675−7636030 · · · · · · · · · · · · 15.94± 0.02 15.50± 0.02 15.12± 0.04 14.74± 0.08 · · · Y?
2MASS J11124771−7737547 13.70± 0.03 13.33± 0.03 12.16± 0.24d >9.5 out out out out · · · N
2MASS J11130450−7534369 10.59± 0.02 10.30± 0.02 9.33± 0.03 7.93± 0.14 out out out out out Y
2MASS J11213079−7633351 9.78± 0.02 9.69± 0.02 9.62± 0.04 >9.1 out out out out out N
Note. — Ellipses and “out” indicate measurements that are absent because of non-detection and a position outside of the camera’s the field of view, respectively.
a Detection is false or unreliable based on visual inspection.
b Photometry for Cha J11100159−7738052 is not reported in the AllWISE Source Catalog, so we list the data from the WISE All-Sky Source catalog.
c Blended with another star.
d The AllWISE Source Catalog reports a detection but it appears to be offset from the detections in W1 and W2.
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Fig. 1.— Map of the fields in Cha I for which we have optical and near-IR photometry from the following cameras: DECam (black
dashed line), ACS (blue dashed line), IMACS (green solid line), shallow HAWK-I (red dotted line), deep HAWK-I (red solid line), and
ISPI (black solid line). Data from DENIS and 2MASS are available for the entire region. The gray scale represents the extinction map
from Cambre´sy et al (1997).
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Fig. 2.— Relative proper motions of known members of Cha I (large red points) and other sources detected in the multi-epoch ACS
images (small black points). We selected sources within 3.75 mas/yr of the mean motion of the known members (blue circle) as candidate
members.
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Fig. 3.— Map of the fields in Cha I that were imaged by IRAC at multiple epochs (Table 2). The ISPI fields from Figure 1 are included
for reference.
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Fig. 4.— Estimated error of the IRAC proper motion in declination as a function of S/N for the known members of Cha I in the [3.6]
band (black points). The median errors for other sources in the IRAC images are plotted as a solid red line with 50% and 90% of the
errors contained within the darker and lighter shaded regions, respectively. We only consider motions with errors <10 mas/yr and S/N >
4 (black lines) during our candidate selection.
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Fig. 5.— Relative proper motions of known members of Cha I (large red points) and other sources detected in the multi-epoch IRAC
images (small black points). We selected sources within 7.0 mas/yr of the median motion of the known members (blue circle) as candidate
members.
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Fig. 6.— Color-magnitude diagrams for the known members of Cha I (large filled circles), new members found in this work (open
circles), and other sources with IRAC motions that are consistent with membership (small gray points). These data are from DECam,
ISPI, 2MASS, DENIS, IMACS, and HAWK-I. Candidate members have been selected based on positions above the solid boundaries.
18 Esplin et al.
1.5 2.0 2.50
1
2
3
4
5
6
λ (µm)
F λ
F 1
.68
 + 
co
ns
tan
t
11104183
M9 - L3
11064106
M9 - L2
11105004
M9 - L2
11110675
M9 - L2
11105772
M9.5
11124771
M8
Fig. 7.— Near-IR spectra of new members of Cha I. The data have been dereddened to match standard young brown dwarfs (Luhman
et al. 2017) and binned to a resolution of R = 60 and 30 for the first and remaining objects, respectively. The data used to create this
figure are available.
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Fig. 8.— The near-IR spectrum of Cha J11083040−7731387 from Luhman (2007) (black lines). Muz˘ic´ et al. (2015) classified this object
as L3, but we find a better match to late M, as illustrated in this comparison to young M9.5 and L2 standards (red lines, Luhman et al.
2017). A young L3 would be even redder than these standards and therefore would be much too red to match Cha J11083040−7731387.
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Fig. 9.— Near-IR color-magnitude diagram of the known members of Cha I within the ISPI fields (large filled and open circles) and the
remaining sources in those fields with unconstrained membership (small gray points). These data are from ISPI, HAWK-I, and 2MASS.
The completeness limit of the ISPI images is indicated (dashed line).
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Fig. 10.— Distribution of extinction-corrected MK and spectral types for the known members of Cha I that are within the ISPI fields
and that have AJ < 1.5. This extinction-limited sample is complete down to MK = 9.7 (dashed line), as indicated by Figure 9.
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Fig. 11.— Extinction-corrected mid-IR colors versus spectral type for mid-M members of Cha I (filled circles). Most class I objects
(protostars) are redder than the boundaries of these diagrams; the one that does appear within their limits is marked (open triangle). For
the members that have been found since Luhman (2008) (Table 4), we have included the errors in their colors and labels with the right
ascension component of their names. Those objects have spectral types of M4, but are plotted at slightly different spectral types from
M3.7–M4.3 so that they can be labeled. For each color, we have indicated the typical colors of young stellar photospheres (lines, Luhman
et al. 2010, Section 8). Two of the M4 members of Cha I found since Luhman (2008) exhibit large excesses relative to photospheric colors,
indicating the presence of circumstellar disks.
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Fig. 12.— Extinction-corrected mid-IR colors versus spectral type for the coolest known members of Cha I (filled circles). Some members
of Cha I are too red to appear within the boundaries of these diagrams, including all of the known class I objects. For the members that
have been found since Luhman (2008) (Table 4), we have plotted the errors in their spectral types and colors and labels with the right
ascension component of their names. For each color, we have indicated the typical colors for young stellar photospheres at ≤M9.5 (lines,
Luhman et al. 2010). Three of the new members of Cha I are redder than the photospheric sequences at ≤M9.5, which may indicate the
presence of disks. However, since the objects may be later than M9.5 and the photospheric colors are poorly defined at those types, we
cannot determine conclusively whether color excesses from disks are present.
